The present paper aims to give insight into the art in the field of the synthesis, characterization and applications of Pd (0) 
Introduction
Bio-composites represent the new generation of nanocomposites, and comprises of the combination of biopolymers and an inorganic material [1] [2] . The biopolymer-containing hybrid composite materials of silica have drawn attention owing to their promising properties and biocompatibility with living matter [3] [4] [5] [6] [7] . However, poor mechanical properties and high permeability to water are the two main disadvantages of biopolymers that recently nanotechnology helps to amylose to amylopectin ratio in starch that plays an important role in the mechanical properties of the films [8] [9] . However, starch alone has some disadvantages, such as: hydrophilic nature and poor mechanical properties [10] .
Composites containing functional metal NPs have attracted a great deal of attention, due to their unique optical, electrical, and catalytic properties [11] . They can be prepared by the mechanical mixing of a support with metal NPs, the insitu polymerization of a monomer in the presence of metal NPs, or the insitu reduction of metal salts or complexes. Recent advances in the design and preparation of supported metal nanoparticles confirmed that a numerous variety of metal nanoparticles can nowadays be synthesized through different preparation routes and supports to give tailored sizes, shapes and distributions, overcoming the main drawbacks of traditional synthetic methodologies. It is well known that the amount of metal, the size of the particles, the preparation method, and the support composition play crucial roles in the performance of heterogeneous catalysts. By employing transition metal nanoparticles of uniform size and shape, the reaction activities and product selectivities of many heterogeneous catalytic reactions could be greatly influenced [12] [13] . With the growing interest in the heterogeneous catalysis, it is certain that organic/inorganic composites will still continue to be a fast moving topic for next several years.
It is well known that hydrogenation and Suzuki couplings catalyzed by Pd(0) nanoparticles are of significant importance in modern chemical transformations. The selective reduction of nitro compounds to amines is a synthetically important transformation leading to valuable starting materials and intermediates [14] [15] . Recently, many novel reducing agents have been reported in literature [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . However, the selective reduction of nitro group in the presence of other reducible functionalities in a molecule is a challenging task. In addition, reduction of aromatic nitro compounds often stops at an intermediate stage, leading to hydroxylamines, hydrazines, and azoarenes as side products [26] . The reduction of carbonyl compounds to alcohols is one of the most widely used and fundamental transformations in organic chemistry [27] . Transition metal catalyzed hydrogenations [28] [29] , biocatalytic and chemical reductions [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] have been utilized to accomplish the reduction of the carbonyl group. Chemoselective reduction of conjugated carbonyl compounds is a useful functional group transformation. Selective 1,4-reduction of ,-unsaturated carbonyl compounds has not been developed much and has always been a challenging problem in organic synthesis [40] [41] [42] . In case of chalcones having other reducible functional groups, the desired selectivity is hard to achieve. Some low-valent metal/Lewis acid reductive system [43] [44] [45] [46] , could selectively reduce the double bond of the -enone system to the corresponding saturated analogue without affecting C=C bond present in the molecule, but none of them had been reported to be used in the conversion of chalcones to dihydrochalcones.
Suzuki cross-coupling reaction is an important method for carbon-carbon bond formation, which is a highly useful and versatile technique needed for the development of modern drug discovery, and in the synthesis of many natural products, polymers and other organic compounds. Traditional synthesis of biphenyl derivatives [47] such as the Scholl reaction [48] [49] , the Gomberg-Bachmann reaction [50] [51] , or Ullmann-type couplings [52] [53] require rather harsh conditions and often suffer from low yields in case of unsymmetrically substituted biaryls, while recent strategies including processes that involve directed orthometalation, arelimited to a narrow range of substrates [54] . Catalytic cross-coupling reaction of organotin [55] [56] [57] [58] , zinc [59] ,copper [60] , boron [61] , or magnesium compounds [62] [63] [64] constitute the most generally applicable strategy for the synthesis of biaryls. Over the past decades, it has continuously been improved and reached an impressive level of performance [65] [66] [67] [68] .
Due to our continued interest in the development of heterogeneous catalysis [69] [70] [71] [72] [73] , herein we report the synthesis of different metal(0) nanoparticles immobilized onto silica/starch composite (MNPs) and their catalytic activities have been evaluated for the selective reduction of nitroarenes/carbonyl compounds, ,β-unsaturated carbonyl compounds and "Suzuki coupling" with a view to select the most effective recyclable and stable heterogeneous catalyst.
Materials and Methods

Materials and Characterizations
The chemicals used were either prepared in our laboratories or purchased from Aldrich Chemical Company or Merck. The 1 H and 13 C NMR data were recorded in CDCl3 or DMSO-d6 on Bruker Avance III 400 MHz. The FTIR spectra were recorded on Perkin-Elmer FTIR spectrophotometer and mass spectral data were recorded on Bruker Esquires 3000 (ESI). SEM images were recorded using FEG SEM JSM-7600F Scanning Electron Microscope and Transmission Electron Micrographs (TEM) on H7500 Hitachi. The amount of metal in catalysts was determined by AAS analysis and thermal analysis was carried out on Linsesis STA PT-1000 make thermal analyzer. (30 mL ) was stirred at room temperature for 3 h followed by slow addition of NaBH4 (0.5 g, 13 mmol). The reaction mixture was stirred for another 12 h and then filtered, washed with ethanol (3×15 mL) followed by diethyl ether (2×15 mL). Finally the catalysts were vacuum dried at 100 ºC for 5 h. To a mixture of nitroarene or aldehyde or ketone (1 mmol) and SS-PdNPs (0.2 g, 1.8 wt% Pd) in a round bottom flask (25 mL), water (5 mL for nitroarenes) or water/ethanol (3:1, 5 mL for aldehydes or ketones) was added and the reaction mixture was stirred at room temperature using balloon filled hydrogen for an appropriate time (Table 2 ). After completion, the reaction mixture was diluted with hot ethyl acetate and filtered. The residue was washed with hot ethyl acetate (3×10 mL) followed by double distilled water (3×10 mL). The organic layer was washed with water and dried over anhydrous Na2SO4. Finally, the product was obtained after removal of the solvent under reduced pressure followed by crystallization with EtOAc: pet ether/column chromatography. The catalyst was dried at 100 ºC for 2 h and could be used in subsequent reactions. was added and the reaction mixture was stirred at room temperature using balloon filled hydrogen for an appropriate time. The product was obtained after the similar work-up as given in Section 2.3.
General
General Procedure for the SS-PdNPs Catalyzed Suzuki Coupling in Aqueous Medium
To a mixture of aryl halide (1 mmol), aryl/heteroaryl boronic acid (1.2 mmol), TBAB (1 mmol), K2CO3 (1.5 mmol) and SS-PdNPs (0.2 g, 1.8 wt% Pd) in a round bottom flask (25 mL), water (5 mL) was added, and the reaction mixture was stirred at 100 ºC for an appropriate time (monitored by TLC). The product was obtained after the similar work-up as given in Section 2.3. The structures of the products were confirmed by 1 H, 13 C NMR, mass spectral data and comparison with authentic samples available commercially or prepared according to the literature methods.
Results and Discussion
Characterization of Metal(0) Nanoparticles Immobilized onto Silica/starch Composite [SSMNPs]
The textural properties of silica/biomaterials present a unique chemical environment in which nano-particles can be synthesized. Due to the presence of a silica backbone, the mechanical stability of the silica/starch composite is quite high compared to that of pure organic polymers or other microporous organic polymers. So, we have chosen silica/starch material for the preparation of supported metal nanoparticles. Metal(0) nanoparticles immobilized onto silica/starch composite [SS-MNPs] were prepared from different metal acetylacetonate complexes [Co(acac)2, Cu(acac)2, Pd(acac)2, Ru(acac)3, Mn(acac)3, Co(acac)3] by immobilizing onto silica/starch composite, followed by reduction with NaBH4 (Scheme 1).
All the five SS-MNPs were characterized by FTIR and AAS analyses. In addition to this, the most active catalyst, SS-PdNPs was further characterized by Thermogravimetric analysis (TGA), Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM). The FTIR spectrum of Pd(0) nanoparticles supported onto silica/starch substrate (SS-PdNPs, Figure 1 ) showed three bands at around 1642, 802, and 576 cm -1 , which are presumably due to as(Si-O-Si) and s(Si-O-Si) and bending modes of Si-O-Si, respectively. The weak band at 2089 cm -1 is due to the stretching vibration of C-H and C-C bonds. Also, the band at 1418 cm -1 is associated with the stretching vibration of the C-O bond.
The stability of the catalysts was determined by Thermo-gravimetric analysis (TGA). The TGA was recorded by heating the sample at the rate of 10 °C.min −1 . The TGA curve of SS-PdNPs showed an initial weight loss up to 100 °C which was attributed to the loss of residual solvent and water trapped onto the surface of silica. The second weight loss above 251 °C (and continuing to 404 °C) is related to the decomposition of starch from the silica substrate ( Figure 2 ). The amount of the metal supported onto silica/starch composite was determined by Atomic Absorption Spectroscopy (AAS). SS-PdNPs contained 1.8 wt% of palladium. The AAS of all the five catalysts is presented in Table 1 .
The surface morphology of supported silicastarch palladium(0) nanoparticles was studied using a Scanning Electron Microscopy (SEM). The SEM images showed that the catalyst has a porous structure with particle size in the range of 15-18 nm ( Figure 3 ). The TEM images provided a direct observation of the morphology and distribution of palladium nanoparticles onto the surface of silica/starch composite ( Figure 4) . The regular arrangement of the pores can be clearly observed. The Pd(0) nanoparticles are uniformly distributed with an average diameter of about 2 nm. No bulk aggregation of the metal occurred indicating that palladium is dispersed evenly onto the surface the support material.
The histogram revealing the size distributions of Pd(0) nanoparticles is shown in Figure 5 which is proposed according to the In order to identify the best catalytic system for the reduction of nitro and carbonyl groups, various metal nanoparticles immobilized onto silica/starch composite were synthesized (SSMNPs, M = Pd, Co, Cu, Mn, Ru) and their catalytic activities were evaluated for the reduction selecting nitrobenzene and benzaldehyde as the test substrates using molecular H2 at room temperature. The results are presented in Table 2 . Among the different catalysts screened, palladium(0) nanoparticles immobilized onto silica/starch composite [SS-PdNPs] provided the best results.
The most widely used methods for the reduction of nitro groups make use of hydrazine hydrate or molecular hydrogen [40] . In the recent years, due to stringent environmental legislation, cleaner and safer procedures using molecular hydrogen became more attractive to the chemists. This method produces only water as a by-product and therefore no toxic and hazardous wastes are produced. Thus, a lot of efforts have been devoted to the development of catalytic hydrogenation of the organic nitro compounds using molecular hydrogen as the reductant. Screening of various solvent systems using SS-PdNPs catalyst showed that water and water/ethanol mixture is the most suit- Figure 2 . TGA of SS-PdNPs Figure 1 . FTIR spectra of SS-PdNPs able solvent for reduction of nitro-and carbonyl groups respectively. The reaction worked selectively and efficiently with a wide range of nitro substituted aromatic compounds under hydrogen atmosphere at room temperature (Scheme 2, Table 3 ).
Even in the presence of electron-donating groups (Table 3, entries 2a, 2b, 2d) , the reaction proceeded efficiently to afford the products in quantitative yields. It is worthy to note that the azoxy, azo and hydrazo compounds as the usual side products of reduction of nitroarenes were not observed in this method. To widen the scope of the catalytic system, various aldehydes (entries 3a-3e) and ketones (entries 3f-3h) were subjected to reduction to their corresponding alcohols (Scheme 2). However, the results were unsatisfactory. The reduction of carbonyl compounds, which are poorly soluble in water, needed long reaction time for their completion, while water/ethanol mixture (3:1) improved the solubility and accelerated the reaction. Thus, for the reduction of carbonyl compounds, water/ethanol (3:1) was used as solvent. Aromatic aldehydes bearing electron-donating groups or electron-withdrawing groups were reduced to alcohols in excellent yields at room temperature. Reduction of ketones also underwent smoothly and gave corresponding secondary alcohols in excellent yields. (Table 2) . Further, the reaction with test substrate was also carried out using different solvents such as toluene, acetonitrile, ethanol and water. Among these, acetonitrile was found to be best solvent at room temperature, since with toluene and water, conversion was poor and in case of ethanol moderate results were obtained. To test the generality and versatility of the developed procedure, ,-unsaturated ketones substituted with different groups were subjected to selective reduction under the selected conditions and excellent results were obtained (Scheme 3, Table 4 ).
Catalytic Testing for the Suzuki Coupling in Water
In order to select the optimum reaction condi t io n s fo r t he Su zu k i co up li ng , 4-bromoacetophenone and benzene boronic acid were selected as the test substrates and the reaction was carried out under different set of conditions with respect to different supported palladium catalysts, solvents and temperatures. To find out the most efficient catalyst for the desired coupling, reaction was carried out in the presence of different supported palladium catalysts. The results are shown in Table  5 . It was found that SS-PdNPs was superior to the other two catalysts in terms of selectivity, reaction time and yield ( Table 2, Table 5 ).
In the recent years, there has been considerable attention dedicated to the development of organic reactions in water [27] . So, we attempted the reaction between 4-bromoacetophenone (1 mmol) and benzene boronic acid (1.2 mmol), K2CO3 (1.5 mmol) as base in the presence of SS-PdNPs using water as solvent and found that reaction was successful but complete conversion did not took place. This may be due to the poor solubility of substrates in water. In order to further improve the reaction conditions, TBAB (1 mmol) was added and found that complete conversion of 4-bromoacetophenone took place with quantitative yield in 15 min. Thus, TBAB enhances the rate of reaction by transferring haloarene to the aqueous phase and hence reacting with phenyl boronic acid faster. K2CO3 was selected as the base, since it is inexpensive and easily available. The generality of the developed protocol was studied by choosing different aryl halides substituted with both electron-donating and electron-withdrawing groups, and good to excellent results were obtained (Scheme 4, Table 6 ). Heteroarylboronic acids are generally considered as the poor substrates for the Suzuki coupling, our methodology making use of SS-PdNPs found to be highly efficient for the Suzuki coupling of Sheteroarylboronic acids in water (entry 10, Table 6).
Effect of Catalyst Loading on the Reduction of Nitro/Carbonyl Groups, Selective Reduction of C=C Double Bond and Suzuki Coupling
Finally, to investigate the effect of catalyst on the reaction, different amounts of catalysts were tested. The test reactions were carried out using different amounts of the catalyst i.e. 0.05 g, 0.10 g, 0.15 g, 0.2 g, and 0.25 g. The results showed that the addition and increasing the concentration of catalyst, the rate of reaction was enhanced ( Figure 6 ).
This may be due to the availability of large number of active sites on the surface of catalystwhich increases with the amount of the catalyst. Thus, 0.2 g (1.8 wt%) has been taken as an optimal catalyst concentration for the studied reaction. In order to find out the role of SS-PdNPs as the heterogeneous catalyst, the reduction (using nitrobenzene and benzaldehyde as test substrate), selective reduction of selective reduction of C=C bond in ,−unsaturated ketones (using (E)-1-(4-chlorophenyl)-3-phenylprop-2-en-1-one as test substrate) and Suzuki coupling (using 4-bromoacetophenone and benzeneboronic acid as test substrates) was carried out in the presence of silica,starch, silica/starch composite, SS-PdNPs and without using catalyst. Out the different catalysts, SSPdNPs catalyzes the reaction efficiently in terms of selectivity, reaction time and yield. The results are summarized in Table 7 .
Heterogeneity and Recyclability
To rule out the contribution of homogeneous catalysis, the reaction in case of entry 2c, (Table 3) was carried out until the conversion was 50% (0.25 h) and at that point the solid was filtered off at the reaction temperature. The liquid phase was then transferred to another flask and again allowed to react, but no further significant conversion was observed. This indicates that no active species was present in the supernatant (no palladium was detected in the supernatant by AAS analysis). After evaluating the reaction results, the catalyst was collected, washed with solvents and then used again in the next reaction. The catalytic activity was maintained with high selectivity in all the reaction runs, which indicates an excellent recyclability (Table 8) .
In order to examine the shape and morphology of the catalyst after five reaction runs, SEM and TEM measurements were carried out, and it seemed that the catalyst has not suffered to serious damage during the reactions. The average diameter of the SS-PdNPs was estimated to be somewhat similar to the fresh catalyst. However, irrespective of the cycle, the catalyst was invariably active. The amount of loaded Pd on the surface is 1.75 wt% after five successive runs, which indicates no leaching during the repeated runs.
Conclusions
In conclusion, we found that palladium(0) nanoparticles could be easily immobilized onto silica/starch surface, and which act as highly active and reusable catalyst for promoting hydrogenations and Suzuki couplings to produce the corresponding products in excellent yields with high chemo-selectivity and acceptable reaction times. Such designer materials have a significant impact in many areas including increasing applications in industrial catalytic processes. However, the preparation of these supported metal nanoparticles should be promoted in a more sustainable way, thus reducing waste generation and the use of toxic compounds with improved manufacturing safety as well as decreasing the production costs.
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